Introduction when a Cu-Zn-Al single crystal is stressed at a temperature above Af, the pseudoelastic effect takes place. The phase transformation 8 M which appears on loading/unloading shows irreversible effects which become more evi dent after a certain number of cycles (1 -2) . In each pseudoelastic cycle de fects are created (dislocations, point defects); dislocations are accumulated in bands parallel to the habit plane of the transformation and to the basal plane of the formed martensite (3) . These defects alter the following transfor mation cycles. In this work the evolution of deformation curves during cycling is analyzed for Cu-Zn-Al single crystals of e/a = 1.48. Calorimetric measurements with simultaneous detection of acoustic emission are performed before and after mechanical cycling. Changes in thermal hysteresis and in thermodynamics of the transformation become noticeable.
Experimental methods
Single crystals of a Cu-Zn-Al alloy (Cu, 15.74 Zn, 16.13 Al,at%) were grown by the Bridgman method. After thermal treatment, samples specially designed for tensile tests, were cycled under tension at a constant temperature, Texp higher than Af, with Texp<Md (pseudoelastic range). The cycling was performed in closed loop and in each cycle the sample was stressed until the transformation was completed.
After mechanical cycling, cylindrical samples A,B,C (centrad part) with faces perpendicular to the tensile axis, were cut from the pseudoelastically cycled samples 1 and 2. Another paralelepipedic sample D with two faces parallel to the tensile axis, was also cut from the original sample 3.
Transformation cycles were done in a calorimetric device (4-5) after mechani cal cycling. It has to be pointed out that in samples A,B,C, the surface in contact with the thermobatteries is perpendicular to the tensile axis, while it is parallel in sample D. An appropriate thermal treatment allows us to recover the same conditions that the original sample had before mechanical cycling. So we will compare the mechanical and calorimetric results obtained before cycling and after cycling.
Experimental results Fig. 1 shows the a-e curves for the sample 1 corresponding to cycles 1 and 4213. The area enclosed in the o-€ cycle is 1.2 J/mol for N=1 and 2.8 J/mol for N=4213. Fig. 2 shows the measured thermal effect (thermogram) for sample 1B correspon ding to the direct transformation before and after mechanical cycling. Table 2 : Measured heats and elas tic energy for samples 2C and 3D before (B.C) and after (A.C) cyclinq. (both in J/mol units). As can be seen from table 2, the AHel term increases in both samples after pseudoelastic cycling. This increase is much more important in sample 2C. The Q value diminishes for sample 2C while it retrains almost constant for sample 3D. Although the origin of this increase in the elastic term is not yet well understood, our results indicate that it can be related to the two-way memory effect induced by mechanical cycling which produces an increase in the length of the sample during thermal transformation to martensite. The usual mounting routine in the calorimeter exerces a pressure on the sample that, in the case of cylindrical samples, avoids its elongation. So the prefe rential variant induced in the previous pseudoelastic cycling is impedded to grow freely and other different variants are formed. Optical microscopy observations agree with this interpretation. The increase/ decrease in length of the sample on cooling/heating have been measured and microscopical observations of the transformation with and without pressure confirm the presence of variants different from the preferential in that first case. That effect does not play an important role for sample 3D. In this case, the pressure exerced for the mounting routine is normal to the direction of enlargement of the sample. Therefore, in this conditions the preferential va riant can grow without impediment. Additional calorimetric experiments done with samples 2B and 2C without pressure on them also confirm the previous hy pothesis because no differences in the 0 values before and after mechanical cycling are detected.
